Cardiac operations in children under 3 years of age are now frequently performed. Pulmonary dysfunction may be present before operation (Lees, Way, and Ross, 1967; Lees, Burnell, Morgan, and Ross, 1968; Howlett, 1972) and anatomical factors may be implicated (Stanger, Lucas, and Edward, 1969) . Postoperative pulmonary dysfunction is common and can be a significant factor determining the postoperative course (Downes, Nicodemus, Pierce, and Waldhausen, 1970) .
There are several disadvantages inherent in the use of ventilators which may add to the problems of overall management (Daily and Northway, 1971) (Barnes, Glover, Hull, and Milner, 1969; Banerjee, Girling, and Wigglesworth, 1972) .
A personal communication, later reported (Stewart, Edmunds, Kirklin, and Allarde, 1973) , on the beneficial effects of continuous positive airway pressure breathing (CPAP) after cardiac surgery made us aware of the potential value of this technique.
The present report is an attempt to compare our clinical criteria for the use of CPAP with its effect on pulmonary venous admixture and arterial oxygen tension, and to assess its value as an alternative to continuous positive pressure ventilation (CPPV).
MATERIALS AND METHODS
SELECTION OF PATIENTS Children under 3 years of age requiring postoperative ventilation of the lungs following cardiac surgery or cardiac catheterization were considered (Table I) .
More detailed investigations were undertaken in 437 
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CARDIOVASCULAR STABILITY The trial of CPAP was begun when cardiovascular stability was attained. Table III presents the minimum or maximum limits which we consider to be satisfactory although these limits are often exceeded. The skin temperature was measured with a probe (Ellab H.3) lightly taped to the dorsum of the foot under a small cotton swab. The urine output was also taken into account.
Whether or not the patient required inotropic support did not affect our assessment of the stability of the cardiovascular state.
CONTINUOUS POSITIVE AIRWAY PRESSURE BREATHING A continuous positive airway pressure was produced by leading the expiratory limb of a modified T-piece circuit to an underwater blow-off (Fig. 2) . The fresh gas flow rates were high enough to maintain a continuous blow-off, and therefore a steady positive airway pressure. The expiratory limb of the apparatus has a negligible resistance at the flows used (mean 19 I/min; SD±4-5 1.).
Breathing at ambient pressure occurs when the reservoir bag is removed from the circuit. The inspired gases were humidified by a heated nebulizer (Ohio), and by means of a double-lumen tube (Bushman and Robinson, 1968) administered to the patient at a temperature of 30-350C and a relative humidity quoted as 96% at body temperature (Hayes and Robinson, 1970) . The effective apparatus dead space is 5 ml for the double-lumen tube and head harness combined.
BLOOD SAMPLING In those patients selected for further study (Table IV) simultaneous arterial and central venous samples were taken from a radial artery catheter and from a catheter placed with its tip in the superior vena cava or innominate vein. Although the venous sample so obtained is not true mixed venous blood, it is less subject to the errors due to streaming of blood that occurs in the right atrium and therefore indicates satisfactorily, within the limits of this study, the trends in mixed venous oxygen content.
The oxygen tension was measured within 5 minutes; the pH and carbon dioxide tension were measured within 15 minutes.
Haematocrit and haemoglobin estimations were made on the same blood sample before the investigation began. The blood haemoglobin was subsequently calculated from the haematocrit of the samples taken for blood gas estimations. The inspired gas was taken from premixed cylinders of oxygen and nitrogen (BOC certificate of analysis).
Nitrous oxide administration was discontinued a minimum of 30 minutes before the first blood sample (Sheffer, Steffenson, and Birch, 1972) . The alveolar oxygen tension was estimated from the alveolar air equation, using an assumed respiratory quotient of 0-8:
Oxygen content and pulmonary venous admixture were estimated from tables (Kelman and Nunn, 1968) .
STUDY
Stage I When cardiovascular stability was attained, simultaneous arterial and venous samples were drawn after 10 minutes' administration of the premixed gases of known oxygen content via an Engstrom 300 ventilator. After this first sample, CPAP was immediately begun at a pressure of 8 cm water. After approximately 2i hours on CPAP (120 to 148 minutes), the second blood samples were taken following 10 minutes' administration of the premixed gases via the CPAP apparatus. Stage II Immediately after this latter sample the positive airway pressure was discontinued. The inspired gases were taken from the premixed cylinders throughout this period. The third blood samples were drawn after 15 minutes' breathing at ambient pressure. RESULTS CLINICAL CPAP has been a suitable alternative to CPPV in every patient in this series, taking our criteria of cardiovascular stability as the point in time at which spontaneous ventilation should be considered. Table II Even though the data are from a small population, Table II shows that there is evidence to suggest significant differences in the postoperative course of the neonate.
STUDY Table IV sets out the data obtained in the seven patients selected for further study. Stage I There is a statistically significant rise in arterial oxygen tension on CPAP (Fig. 3) with variable changes in the index of pulmonary venous admixture (Fig. 4) . Stage II There are statistically significant changes in arterial oxygen tension (Fig. 3) which are in part explained in every case by an increase in the pulmonary venous admixture (Fig. 4) . No trend is discernible in the arteriovenous oxygen content difference in either stage of the investigation (Fig. 5) .
In four patients (Nos. 7, 8, 11, 18) the inspired gas had an oxygen content of 30%, and in three patients (Nos. 9, 12, 15) of 40%. Although some criticism may be directed at arterial oxygen tensions in some patients being below the acceptable normal range, nevertheless the trends in arterial oxygen tension and pulmonary venous admixture are significantly reproduced.
STATISTICAL METHODS The data in Table IV (Crew, Wall, and Wright, 1971 ) and the ultrasonic humidification of the inspired gas. The problem then is to discontinue ventilatory support at the earliest opportunity compatible with continued cardiovascular stability and adequate respiratory function. Restlessness in the face of respiratory inadequacy is common and will still further add to the body's oxygen needs. The control of ventilation and the process of weaning a child from a ventilator have however remained difficult problems.
Weaning may take weeks in the presence of established lung disease (Gregory, 1972) , and marked falls in arterial oxygen tension are common when spontaneous breathing at ambient pressure is begun. Hitherto we have not found it possible to wean the younger patients directly to spontaneous breathing without an intermediate phase in which CPPV was interrupted by progressively lengthening periods of spontaneous breathing at ambient pressure. Particularly in infants this period of postoperative management was often unstable and not satisfactory.
CPAP has helped in the management of children after major cardiac surgery (Haller et al., 1973; Stewart et al., 1973) . It may adversely affect the cardiac output, especially in the presence of a normal lung compliance. However, adjustments to the central venous pressure by blood volume expansion is part of the postoperative regime following cardiac surgery, and simple comparison of the airway pressures have shown us that the average pressures of CPPV and CPAP in this investigation have been of the same order.
In practice, have the advantages of continuous positive airway pressure breathing been demonstrated? The rise in the arterial oxygen tension during stage I of the investigation has been in part confirmed by other observers (Hatch et al., 1973) .
It may however indicate that in our investigation the end-expiratory pressure during CPPV was less than optimal, and further improvements in Pao2 during CPPV may have been obtained by raising the end-expiratory pressure above the 3-5 cm water used (Sykes et al., 1970; Ashbaugh and Petty, 1973) but at the expense of a reduced venous return. This improvement in Pao2 has been related to the mean airway pressure (Cheney and Martin, 1971 (Ross, Brock, and Aynsley-Green 1969) , urine flow, and left atrial pressure. The increased respiratory work when positive pressure ventilation is discontinued and CPAP begun may be more than balanced by the occasionally very notable reduction in restlessness.
Our early experience with this technique demonstrated that too high an airway pressure can be attended by a clinically evident fall in cardiac output. The airway pressure to be used should be the minimum which is attended by satisfactory and sustained arterial oxygen tension levels. We recommend a maximum pressure of 8 cm water, which is reduced progressively as the arterial oxygen tension improves.
The three neonates show some notable differences from the other patients in the series.
It would seem advisable to reduce the deadspace to a minimum in the management of neonates, although clinically the higher carbon dioxide tensions are well tolerated.
